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ABSTRACT 
This thesis attempts to identify the agreement of radiological 
and echocardiographic techniques in assessing cardiac parameters. 
In contrast to previous investigations everyday clinical data 
from the records of patients attending a cardiac clinic were used, 
instead of performing the examined techniques on a chosen sample of 
subjects. 
The radiological techniques, radiography and angiocardiography 
are more traditional, whereas echocardiography is a new tool, which 
according to previous research is very accurate for establishing a 
pre-operative diagnosis; and in some instances it can replace more 
sophisticated techniques such as angiocardiography. This work is 
focussed on the relative role of three of the above mentioned tech-
niques as they are applied to everyday clinical practice for estimating 
cardiac parameters. 
The first part of the study consists of the examination of 
cardiac parameters assessed by radiography and echocardiography on 
a sample of 53 male and female patients aged between 18 and 73 years. 
The inter-comparisons reveal low order coefficients of correlation. 
The second part of the study investigates which technique is of 
significant diagnostic value when compared to angiocardiography on a 
sample of 58 male and female patients, aged between 17 and 66 years. • 
Angiocardiography is widely recognised as an accurate and objective 
technique for measuring cardiac parameters. Surprisingly, none of 
the inter-comparisons showed the high correlations found by previous 
researchers. It was also observed that the correlation coefficients 
were consistently higher for the male patients when compared to the 
females. 
In the third part of the study the inter-observer agreement between 
Specialists is examined. Significant differences were found between 
them when they measured identical cardiac parameters using the same 
technique for radiography and echocardiography, as well as discrepancies 
in the resultant diagnosis. 
At present no single technique is significantly powerful to enable 
it to be used on its own and for the time being it is recommended that 
radiographic and echocardiographic techniques should be used in 
conjunction with one another. 
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INTRODUCTION 
The accurate determination of the cardiac chambers is most 
important in the diagnosis of congenital and acquired cardiac 
diseases. The techniques most commonly used for the determina-
tion of cardiac parameters in every day clinical practice are 
radiography, echocardiography and angiocardiography. 
1. Background to the examined techniques 
1.1 Radiography 
Radiography is the most widely used method for determining the 
size, contour and position of the heart and great vessels and 
in many cases it is the only radiographic procedure performed. 
Where more detailed information is required it is usual to carry 
out a more specialized examination such as angiocardiography. 
The problem of estimating heart size by X-ray mensuration in 
order to determine the presence or absence of cardiac enlarge-
ment has interested cardiologists and radiologists since the 
introduction of clinical radiology seven decades ago. Various 
radiographic measurements have been advocated and norms estab-
lished for each cardiac parameter (Lusted and Keats, 1967). 
In addition tables for predicting normality, based on body 
measurements have been evolved (Hodges and Eyster, 1924; 
Ungerleider and Clark, 1939). 
1 
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Radiography can be relied upon to demonstrate the following: 
1) (a) Gross cardiac enlargement and (b) normal heart size, 
Borderline heart size is difficult to evaluate, and, even when 
precise radiographic techniques are applied to a single doubtful 
case it is probably of little value in determining whether the 
heart is enlarged or not (Cooley and Schreiber, 1967), 2) Cardiac 
calcification. Special techniques are necessary to demonstrate 
calcified valves with radiography (correct degree of obliquity, 
high penetration and short exposure time), 3) Gross deviations 
in cardiac contour associated with definite chamber or vessel 
enlargement or dilatation. 4) Displacement or fixation of the 
heart and mediastinum. Exposures in inspiration and expiration 
and lateral decubitus views in inspiration and expiration are 
necessary, 
Radiography presents three dimensional structures as two 
dimensional formation, so that their interpretation requires the 
faculty of reconverting flat images to structures in space, 
However there are inherent errors in the measurement of cardiac 
parameters with this method (Jones and Taylor, 1972), 
In spite of the considerable literature on this subject and some 
general agreement as to the relative value of the method, the 
situation seems to remain unstandardised as a routine clinical 
procedure, Cardiac radiologists claim that they haven't yet been 
able to draw, from the radiographic examination of the heart, the 
information which is there. In most cases the final diagnosis 
is confirmed by cardiac catheterization or surgical exploration 
or both, 
1.2 Echocardiography 
Ultrasound cardiography or echocardiography is the study of the 
position and movement of the cardiac acoustic interfaces by means 
of reflected ultrasound. 
Ultrasound gives one the unique opportunity to visualize internal 
structures in a totally noninvasive manner with a degree of 
sensitivity far greater than plain radiography. Although 
diagnostic ultrasound is similar to X-rays in that a physical 
force is used to create a picture of internal structures, the 
differences far exceed the similarities. In contrast with 
radiology, which depends on differential radiation absorption, 
ultrasonic visualisation depends on changes of characteristic 
impedance at tissue interfaces; reflections of sound waves from 
these are detected by a scanning arrangement leading to a visual 
display known as an ultrasonogram. 
Pioneers in echocardiography are Hertz and Edler (1954) in Sweden, 
whilst more recent work has been carried out by researchers all 
over the world notably Feigenbaum, Gibson, Roelandt etc. 
This technique is now well established as a valuable diagnostic 
tool in clinical cardiology, although a large number of further 
applications are currently under clinical investigation. Ultra-
sound has the ability to detect structures which may be invisible 
on conventional examination. The obvious advantages over other 
3 
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techniques (especially radiology) can be listed as follows: 
\ 
the application of ultrasound in most cases is easy, simple, 
and as far as is known safe (Wells, 1969); therefore repetitive 
examinations may be carried out or continually monitored without 
hazard. It is accepted however that further research and studies 
on the biological effects of ultrasound should be carried out, 
Since ultrasound can detect minor tissue differences, soft tissue 
structures can be outlined in a way that is not po~sible with 
conventional radiological examinations. This alone would be of 
some value in cardiac diagnosis, but it is the ability to record 
movement with extreme precision which has made the echocardiography 
so valuable. 
The technique requires a transducer which is capable of_ both emi~ti?g 
and receiving ultrasound. These instruments usually transmit onlyO.l% 
during their cycle and listen for reflected sonic impulses (echoes) 
for the remainder of the cycle. This transmit-receive sequence is 
repeated 1,000 to 5,000 times per second. This pulsing frequency 
is referred to as the repetition rate of the echograph. The echoes 
activate a quartz or barium titanate crystal and are converted into 
electrical signals which can be displayed on an oscilloscope screen. 
The position of echo-reflecting surfaces can be displayed on the 
oscilloscope screen of the echograph in several ways (fig. l ). 
A mode is a time-amplitude relationship which is displayed on the 
oscilloscope as a series of spikes. The distance between spikes 
5 
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Fig. 1: Schematic cross section of the heart. The single element 
transducer (T) in front is aimed so that the sound beam 
traverses from anterior to posterior: the anterior heart 
wall, right ventricle (RV), septum (IVS), left ventricular 
cavity (LV), the tips of the mitral valve leaflets (aML) and 
the left ventricular posterior wall (LVPW). The echoes which 
originate from these boundaries are classically represented in 
three types of oscilloscope display and are referred to as 
'A', 'B' and ''M-mode'. Abbreviations: Ao = aorta, aMl and 
pML = anterior and posterior mitral valve leaflets, LA = left 
atrium, LAPW = left atrial posterior wall. (From Heart Bull. 
6, 9 (1975).) . 
is a function of the distance between structures. B-mode 
(B = brightness) converts the spike amplitude into dots of 
corresponding light intensity at the same depth on the horizontal 
axis. These first two displays are useful for demonstrating the 
depth position of non-moving structures. If B-mode is swept 
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across the oscilloscope with respect to time, motion mode is 
achieved (M4node). M-mode is the standard visualization technique 
for echocardiography. M-mode may be recorded by time photography 
or with a strip chart. Time dots placed horizontally (1/2 second 
apart) and distance dots placed vertically 1 cm in depth apart allow 
timing of events and measurement of distance between structures. 
Simultaneous recording of other cardi~c parameters such as the 
phonocardiogram and electrocardiogram are helpful in recognising 
the cardiac echoes. 
The transducer is placed on the chest in such a position that the 
anterior mitral valve motion is best seen when the probe is aimed 
perpendicularly to the chest wall, usually the 4th intercostal space. 
From this position a sector scan is performed following the long-
axis of the heart as seen in fig. 2 with the resulting display in 
fig. 3. 
The list of applications of this technique has become quite long. 
These include the recording of anatomical abnormalities and 
abnormalities of movement which may be in patients with valve 
disease, cardiomyopathy, pericardial disease or congenital cardiac 
disease. Ultrasound also proved reliable for the diagnosis of 
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Fig. 2: A diagram of the heart showing the cardiac structures traversed by 
the ultrasonic beam as the transucer is scanned from the apex of the 
heart (position 1) to the base of the heart (position 4). The standard 
examination of the left ventricle corresponds to transducer position 2. 
Abbreviations: same as in Fig. 1 plus CW = chest wall, T = transducer, 
S = sternum, ARV = anterior right ventricular wall, AMV =anterior 
mitral valve, PPM = posterior papilary muscle, PLV = posterior left 
ventricular wall, P~W =posterior mitral valve (From Feigenbaum, 1972.) 
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Fig. 3: U-Mod'e scan of the heart. The numbers between the dotted lines 
correspond to the transducer positions in figure 2. (From 
Feigenbaum, 1972.) 
intracardiac tumours. A most important development has been the 
introduction of techniques to estimate the dimension of the 
ventricles, atria and aorta. The ultrasonic measurement of the 
distance between the interventricular septum (IVS) and one area 
of the posterior left ventricular wall {PL~ has been used with 
reasonable accuracy to estimate left ventricular systolic and 
diastolic volumes (Gramiak and Waag, 1975). 
Echocardiography gives direct and measurable information, e.g. 
one can see pericardial effusion and measure myocardial wall 
thickness. 
Ultrasound can replace radiology in many instances where this 
more traditional technique fails, takes too long to apply or is 
too risky due to the biological effects of radiation. 
On the other hand ultrasound has still some weaknesses and one 
should not be uncritical or over-optimistic about possible results. 
Ultrasound does not exactly discriminate between degenerative and 
inflamatory processes in tissues, it sometimes fails to recognise 
tissue changes smaller than two or three centimetres in diameter. 
Another serious drawback lies in the fact that air reflects 
ultrasonic waves totally, consequently air filled organs, such as· 
lungs cannot be imaged. Therefore, the transducer positions 
which may be utilized are limited usually to the intercostal spaces 
at the precordium. 
8 
Although it is useful to have a standardised way of examining 
the patient, no arbitrary set of positions works in every patient. 
Experience, judgement and patience are required. 
Ultrasound needs standardization in order to help the normal 
physician to use it efficiently and without difficulty. The 
variability in size and shape of one patient from another prohibits 
any rigid type of standardization. 
Another disadvantage is that there is still a distinct subjective 
element in the examination. In most cases the transducer is held 
9 
by hand and a slight change in angulation of the transducer may 
distort the recording so that it may be misleading. Changes in the 
electronic control settings will also alter the recordings; thus it 
may be difficult to compare the results of similar examinations done 
by two different people or with two different ultrasonoscopes 
(Chang, 1976). 
Although echocardiography is being increasingly accepted as a 
valid method of cardiac investigation, instrumentation and recording 
techniques are not yet standardized (Joyner, 1975); it is apparent 
that we are still in a phase of rapid development of this technique. 
10 
1.3 Angiocardiography 
Cardiac catheterization refers to the procedure by which the tip 
of a radiopaque catheter is introduced into a cardiac chamber 
under image intensification control. For right heart 
catheterization the catheter is introduced into a peripheral 
systemic vein; with appropriate manipulation the catheter tip 
can often be made to pass successively f~om the right atrium to 
the right ventricle, then into the pulmonary trunk, and finally 
into either the right or left pulmonary artery, 
The left cardiac chambers may be catheterized in several ways: 
(1) retrograde aortic catheterization of the left ventricle, 
(2) trans-septal introduction of needle and catheter into the 
left from the right atrium, (3) percutaneous needle puncture of 
the left ventricle from an anterior approach, (4) transbronchial 
puncture of the left atrium, and (5) direct needle puncture of the 
left atrium from a posterior approach, If necessary a small 
caliber polyethylene catheter adequate for use in pressure 
measurements can be introduced into the left heart chambers 
through the puncture needle, 
Information obtained from the procedure is predominantly physio• 
logical (oxygen content of aspirated blood samples, pressure 
tracings, etc.) b~t is also partially anatomical (position, 
contour and activity of the catheter). 
I 
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A great deal of co-operation and team work between the catheter 
room staff is necessary for the proper execution of the procedure. 
Minor untoward reactions are rather common, but they are rarely 
sufficient to disturb the patient greatly or to cause the 
examination to be terminated. When the catheter tip impinges 
on the tricuspid valve and/or the upper medial wall of the inter-
ventricular septum, arrhythmias are common. Fatal arrhytmias due 
to catheterization have been reported (Venables and Hiller, 1963). 
Venospasm may prevent the passage of the catheter or make the 
manipulation quite painful to the patient. Other uncommon 
complications include pulmonary artery thrombosis, perforation 
of the heart, ventricular fibrillation and coronary embolism. 
Radiation hazards to the patient and the catheter room staff also 
exist , and careful monitoring of the dosages received is 
obligatory. 
Angiocardiography is a procedure in which contrast substance is 
injected into a systemic vein, a cardiac chamber of the pulmonary 
artery so that its passage through a part or all of the heart and 
great vessels can be visualized by serially exposed films. 
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In classic or venous angiocardiography the contrast media (acetyl, 
diacetyl and propionyl derivatives of 2, 4, 6 triiodobenzoic acid) 
are injected into an arm or leg vein. When the injection is made 
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through a catheter or needle whose tip lies in the superior vena 
cava or one of the heart chambers or pulmonary artery, the procedure 
is known as "selective angiocardiography". Injections into the 
aorta are properly designated as "aortography". 
Injections into the left atrium or left ventricle may be carried 
out at right heart catheterization by insertion of the catheter 
through either an interatrial or interventricular septal defect 
or a patent foramen ovale. More often it is carried out either 
through a catheter inserted over a Rosa needle through the 
interatrial septum or a catheter inserted via the aorta into the 
left ventricle. 
Since angiocardiography is moderately uncomfortable to the patient, 
requires very expensive apparatus, and carries a significant mortality 
risk, it should not be carried out without definite indications. 
In general, the candidate for one of these procedures is a patient 
who has a condition which is thought to be amenable to surgery 
but in which the diagnosis obtained by other methods is not too 
reliable or conclusive. 
In general angiocardiography should be used in any condition in 
which a completely satisfactory diagnosis is not available by 
simpler means. Selective angiography on the other hand gives 
much clearer and more detailed information and in most instances 
is preferable to venous angiocardiography. It requires the 
insertion of a catheter, is more time consuming, and carries a 
slightly greater risk than venous angiography. It is often 
carried out during or at the end of cardiac catheterization 
and complements the findings of that procedure. 
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2. Previous research on the comparison of Radiological and 
Echocardiographic estimates of Cardiac Chamber Size 
2.1 Echocardiography and Angiography 
Popp, Wolfe, Hirata and Feigenbaum (1969) performed ultrasound 
examinations recording the echoes from the inter-ventricular 
septum (IVS) for estimating the size of both the right and left 
ventricles (RV, LV). Using a 1.91 cm diameter, 2.25 MHz 
14 
transducer with a repetition rate of 1,000 impulses sec.-l they 
examined 61 subjects in the recumbent position. 
The ultrasound measurements were obtained during end diastole in 
26 normal subjects, 23 patients with atrial septal defects (ASD) 
and large left to right shunts proved by cardiac catheterization 
and 12 patients with angiographically proved marked aortic (AR) 
or mitral regurgitation Q£R) and dilated LV. From septal echoes 
it was possible to obtain a RV dimension between the echo 
originating from the anterior epicardial surface of RV to the right 
side of the IVS. A LV ~imension was also obtained between the 
left side of the septum and the echoes stemming from the endocardial 
surface of the posterior LV wall. 
The authors' research showed a clear separation of the patients 
into their respective groups. In the normal group the mean RV 
dimension was 1.5 + 0.4 cm (range 0.5 to 2.1). 
- ' 
The mean LV 
dimension was 4.5 ~ 0.5 cm (range 3.5 to 5.3). The patients 
with the ASD had an increased mean RV dimension of 3.7 + 1.1 cm 
(range 2.2 to 6.3), which differed significantly from the normal 
15 
{p-<:0.001). The group with the dilated left ventricles had normal 
RV dimension but the mean LV dimension was 6.9 ~ 0.9 cm (range 
5.5 to 9.0). This measurement was significantly higher than that 
found in the normal group {p<O.OOl). 
Feigenbaum, Popp, Wolfe, Troy, Pombo, Haine and Dodge (1972) 
compared ultrasound and angiographic LVID 1 s on 42 patients. The 
majority of the patients studied had valvular diseases with a wide 
range of end diastolic volume and stroke volumes. The ultrasound 
examinations were performed by five different individuals with 
varying degree of experience. The examinations were not performed 
simultaneously. 
not reported. 
The exact interval between the examinations was 
It was found that the cubed diastolic ultrasonic left ventricular 
dimension and the angiographic and diastolic volume correlated very 
well (r = 0.89, p<O.OOl). A similar finding occurred with the 
systolic measurement. The cubed systolic ultrasonic dimension 
correlated well with the angiographic end systolic volume (r = 0.81, 
p < 0. 001). In another correlative study by Pombo, Troy and 
Russel (1971) on the echocardiographic and angiographic diastolic and 
systolic volumes the relationship was even higher (r = 0.97). 
Murray, Johnston and Reid (1972) compared by linear regression 
analysis left ventricular dimensions determined by echocardiography 
to biplane angiographic measurements on 21 patients. The examined 
group included patients with rheumatic heart disease, atherosclerotic 
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heart disease and idiopathic ~ocardial disease. The ultra-
sonic examinations were made either 'immediately before or after 
catheterization, all of them under the same conditions. A 
2.25 MHz, 1.91 cm diameter transducer was placed in the 4th 
intercostal space close to the left sternal border and the patients 
were in the supine position with the head slightly elevated. 
Instrumentation settings among patients were variable because of 
differences in body structure. They reported 22 percent unsat-
isfactory echo examinations and experienced difficulty due to 
attenuation of the sound energy when examining patients with 
pulmonary emphysema, an unusually enlarged heart or an exceptionally 
thick anterior chest wall. 
During catheterization quantitative biplane angiocardiograms and 
biplane filming were performed. A significant correlation of 
r = 0.87 was found between the ultrasonic end diastolic LV diameter 
(LVDd) and the corrected end diastolic left ventricular diameter 
in the anteroposterior plane. The lateral plane dimension also 
correlated with LVDd with a significant but lower coefficient 
(r = 0.69). 
The calculated left ventricular volume related closely to the 
echoc~diographic dimensions of end diastole (r • 0.79) and end 
systole (r • 0.66). The echo dimensions when cubed predicted 
more closely angiographic volumes of end diastole (r • 0.81) and 
end systole (r • 0.65) than the simple dimensions. 
• 17 
Fortuin, Hood and Graige (1972) evaluated the left ventricular 
function by echocardiography in five groups of patients: (i) normal 
(10 subjects); (ii) mitral stenosis confirmed by cardiac 
catheterization (13 patients); (iii) compensated volume overload 
(20 patients); (iv) idiopathic hypertrophic subaortic stenosis 
confirmed by cardiac catheterization (5 patients); (v) congestive 
heart failure (17 patients), 
The subjects were patients attending a cardiac clinic. The 
interval between the echocardiographic examination and the cardiac 
catheterization was not reported, The echocardiograms were 
obtained with a 2,25 MHz transducer of 1.91 cm diameter pl~ced in 
the 4th or 5th intercostal space, 
Patients with mitral stenosis did not show significant differences 
in minor-axis dimensions measured by echocardiography of end 
diastole and end systole compared for normal subjects. All other 
groups had larger minor axis dimension at end diastole than normal 
subjects, and groups with compensated volume overload and 
congestive heart failure had increased minor axis dimensions at 
end systole. 
The smallest chamber dimensions at end diastole were found in 
groups with normal hearts and with mitral stenosis while groups 
with compensated volume overload and congestive heart failure 
had the largest values, 
18 
End diastolic volume and end systolic volume, which are derived 
from minor axis dimensions at end systole and end diastole, showed 
differences between groups similar to those found for the minor 
axis dimensions alone. The data obtained for the five patient 
groups by echocardiography were similar to data obtained from such 
groups by invasive techniques. The values for ventricular minor 
axis dimensions at end diastole and for end diastolic volumes in 
normal subjects compared favourably with values for those 
parameters obtained by angiographic techniques. 
Cate, Kloster, van Dorp, Meester and Roelandt (1974) calculated 
the left atrial size in 24 patients from a standard echographic 
dimension and correlated with the left atrial surface area measured 
from selective cineangiograms in the right anterior oblique position. 
The examined patients, 12 male and 12 female, aged 12 to 65 years, 
with mixed heart disease underwent routine diagnostic cardiac 
catheterization and quantitative angiocardiography. The echo-
cardiographic examination was performed within 24 hours before or 
after the catheterization procedure, The left atrial area 
visualized on the right anterior oblique cineangiograms was 
measured by planimetry and the largest left atrial area curve was 
used for comparison with the left atrial echo dimension. All the 
echo measurements were done at end systole and the largest left 
atrial diameter was measured. The areas were corrected for X-ray 
magnification using a filmed standard grid at the mid level of the 
heart. 
The correlation coefficient between the angiographic left atrial 
areas, adjusted for body surface area, and left atrial echographic 
dimensions was r = 0.88. The same authors calculated the left 
ventricular volumes from the echocardiograms and angiocardiograms 
of 35 patients, 32 males and 3 females, aged 16 to 64 years with 
a wide spectrum of cardiac disease. Their echocardiographic 
study was performed within a 24 hour period before or after the 
catheterization procedure. Quantitative single plane left 
ventricular cineangiograms were all done in the right anterior 
oblique position. 
Between angiographic and echographic left ventricular volumes was 
found an excellent correlation. Correlation coefficients for 
end systolic and end diastolic volumes were r = 0.96 and r = 0.97, 
respectively. 
2.2 Echocardiography, Radiography and Angiocardiography 
Cooperberg, Chahlauoi, Khan, o'Donovan and Winsberg (1976) 
estimated the size of the left atrium and both ventricles from 
routine chest radiographs and compared it to echocardiographic 
single chamber measurements. They selected a group of 116 
patients who had had postero-anterior and lateral chest radio-
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graphs taken within a short period before or after the echocardiograph 
examination. None of the selected patients had demonstrated 
pericardial effusion by echocardiography. 
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The echocardiographic examinations were performed using a 2.25 
or 3.5 MHz focussed transducer. The left atrial dimension was 
measured at end systole as the distance from the posterior wall of 
the aortic root to the posterior wall of the left atrium. 
Ventricular measurements were made at end diastole from the left 
side of the interventricular septum to the endocardium of the 
posterior wall, while the right ventricle was measured from the 
right side of the septum to the anterior wall of the ventricle. 
Chest radiographs were taken in the standard postero-anterior and 
lateral positions, using a 1.8 m anode film distance, and evaluated 
independently by two staff Radiologists specialising in chest 
radiology and two senior Residents, all of whom described each 
chamber as either'normal' or 'enlarged'. The number of observers 
calling a chamber 'enlarged' radiographically was correlated with 
the echographic dimensions in centimetres. 
For the data taken from the left atrium the correlation coefficient 
was r = o. 72 (p< 0.001). Half of the left atria which was larger 
than the commonly accepted upper limit of normal size were not 
considered enlarged by three or more of the Radiologists. The 
left ventricular data showed a correlation not as good as in the 
case of the left atrium (r = 0.53, p<O.OOl). In several cases 
the left ventricle was considered enlarged radiographically but 
normal on echocardiography. In 21 of the patients the authors 
performed cardiac catheterization studies and the angiographer's 
impression of left ventricular size (as determined from the left 
ventricular angiogram, right anterior oblique position) was 
correlated (r a 0,72, p~O,OS) with the size obtained with the 
other two modalities. The right ventricular data showed no 
correlation between the echocardiographic and radiographic 
estimates, 
Hirata, Wolfe, Popp, Helman, and Feigenbaum (1969) estimated 
left atrial size using echocardiography, radiography and cine-
angiocardiography, On 21 normal subjects and 47 patients with 
mixed forms of heart disease they obtained ultrasound examinations 
shortly before diagnostic cardiac catheterization, Twenty-eight 
of these patients had selective left atrial cineangiocardiograms 
in the right anterior oblique position. The area of the left 
atrium as visualized on the cineangiocardiogramwas measured using 
a planimeter and corrected for X-ray distortion, 
Plain chest radiographs were obtained on the patients undergoing 
cardiac catheterization. The radiographs were interpreted by a 
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Cardio-Radiologist who estimated the size of the left atrium and 
the values were expressed on a five point grade scale,where 0 • the 
normal sized left atrium, I • slightly enlarged, II • moderately 
enlarged, III a large left atrium and grade IV was reserved for 
giant left atria. 
The ultrasound examinations were made using a 1.91 cm diameter, 
2.25 MHz transducer with a repetition rate of 1,000 impulses 
per second and with the patient in the recumbent position. 
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The left atrial dimension was obtained by measuring the distance 
between the atrioventricular wall echo and the posterior left atrial 
wall echo at the end of ventricular systole. 
The correlation between the ultrasound left atrial dimension and 
the left atrial area on th~ cineangiocardiograms was r a 0.91 
(p < 0.001). On the other hand, there was a great deal of scatter 
and overlap when comparing the Radiologist's estimate of left 
atrial size from plain chest radiographs with left atrial area as 
determined on the cineangiocardiograms. It would appear therefore, 
that the Radiologist both overestimated and underestimated the 
left atrial volume. 
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METHOD 
The samples of subjects for this investigation were taken from 
a population who have undergone radiographic and echocardio-
graphic examinations in the Cardiovascular Unit at Groby Road, 
Leicester during the period January 1974 to June 1976. 
The sampling of subjects depended, initially, upon the availability 
of patients case notes which were freely obtained from the Hospital 
Medical Records Office. A list was compiled of all patients who 
had radiographs, echocardiograms and angiocardiographic films (for 
the second sample) within an interval of less than three months. 
In this way it was enbured that no significant changes in the 
' cardiac parameters had occurred in the period between different 
examinations. The number of subjects was limited by intervals 
between the ~xaminations and by the quality of the echocardiographic 
traces and cineangiographic films. 
The first part of the study was based on a sample of 53 subjects 
(32 males and 21 females aged between 18 and 73 years). 
The radiological examination con~isted of the posteroanterior, 
left lateral penetrated views and the posteroanterior penetrated 
view with ~arium in the oesophagus (cardiac series). 
The cardiac series were reported by a Consultant Cardio-Radiologist. 
The enlargement of the heart has been expressed in grades on a four 
point ordinal scale. The grading is not based on precise 
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measurements but on subjective assessment and the aim is to 
convey the notion of progressive degrees of chamber enlarge-
ment from minimal to maximal (normal O, minimal 1, moderate 2, 
marked 3 and gross 4). 
The parameters considered were the cardiac depth (CD), the left 
atrial (LA) and left ventricular (LV) dimensions. The last two 
were recorded in most of the case notes. The measurement of the 
CD was taken in centimetres from the lateral view of the X-ray 
film and it was the diameter passing through the 4th intercostal 
space and left atrioventricular junction. This parameter was 
corrected for magnification. The correction was calculated 
assuming a point source anode where 
Corrected CD = Apparent CD x (Focus film distance - ! Anteroposterior thorax width) Focus film distance 
The echocardiographic traces were assessed for quality and measure-
ments were taken directly from them. The intercostal space and 
the type of transducer used during the examination varied. The 
ultrasonic transducers all had a frequency of 2.25 MHz and were 
either focussed (10 cm) or unfocussed). The left atrial diastolic 
diameter (LADd) was measured from the posterior aortic wall or the 
atrioventricular wall to the posterior left atrial wall during end 
systole (fig. 4). The left ventricular diastolic diameter (LVDd) 
was measured from the left side of the interventricular septum to 
the posterior left ventricular endocardium at end-diastole (in line 
with the R wave of the electrocardiogram, fig. 5). 
~. ICO 
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Fig. 4: An echocardiogram taken in the plane of the aortic leaflets, which 
visualizes the right ventricular outflow tract, the aoria with its 
valve and the left atrial cavity. The lines shown (aortic dimension, 
intercusp distance and left atrial internal dimension) represent the 
phase of the cardiac cycle and location were these measurements are 
made. Abbreviations: same as in Fig. 3 plus RVAW = anterior right 
ventricular wall, RVOT = right ventricular outflow tract, AAW = anterior 
aortic wall, AAC = anterior aortic cusp, AoD = aortic dimension, leD = 
intercusp distance, PAC = posterior aortic cusp, PAl~ = posterior aortic 
wall, ECG = electrocardiogram. (From Goldberg, Allen and Sahn, 1975.) 
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Fig. 5: An echocardiogram in the plane of the posterior mitral valve leaflet. 
The arrow points to part of the tricuspid apparatus, which is 
frequently confused with the right septal surface. The lines shown 
represent various measurements and their timing. These include right 
ventricular anterior wall, right ventricular dimension, septal depth, 
cardiac depth, septal thickness, left ventricular posterior wall, left 
ventricular internal dimension during systole and diastole. Note that 
the calibration markers are 1 cm apart in the Y axis and ! sec. apart 
in t~e X axis. Abbreviations: same as in Fig. 4 plus RVC = right 
ventricular cavity, RVD = right ventricular dimension, AMVL = anterior 
mitral valve leaflet, PHVL = posterior mitral valve leaflet, LVIDd = 
left ventricular internal dimension in diastole, LVIDs = left ventriculat 
internal dimension in systole, myo = myocardium. (From Goldberg, Allen 
The cardiac depth (CD) was measured from the inside of the 
anterior chest wall to the pericardium at end diastole (Fig. 5). 
All the parameters from the echocardiographic traces were 
measured to the nearest mm with a caliper. Calibration markers 
were shown on the echocardiogram as intermittent dots. The 
standard of calibration was 1 centimetre in they axis (Fig. 5). 
The second part of the study was based on a sample of 58 cases 
with diverse cardiac diseases proved angiocardiographically. 
The subjects were 34 males and 24 females, aged between 17 and 
66 years. 
Angiocardiography is widely recognised as very accurate and 
objective amongst cardiologists and it is for this reason that 
we have accepted it as reference. 
The left atrial and left ventricular estimates were taken from 
the graded reports of the cardiac series. For increased accuracy 
the left atrial dimension was also measured in centimetres from 
the posteroanterior views of the X-ray films (Fig. 6). This 
dimension was corrected for magnification. The cardiac depth 
was also taken from the lateral radiograph and the measurement 
corrected for magnification. 
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Fig. 6: Left atrium and pulmonary veins in normal adult. 
PVS = pulmonary veins, LA = left atrium. 
(From Cooley and Schreiber, 1967.) 
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The echocardiographic measurement of the left atrial and left 
ventricular diastolic diameters and the cardiac depth were 
measured as previously described for the first part of the 
s~~. 
The single plane cineangiographic films obtained in the right 
anterior oblique projection were viewed on a Tage Arno film 
analyser and the image of the rendered opaque left ventricle 
was projected onto the glass viewing screen, The film was first 
of all viewed at cine speed so that irregular ectopic beats, 
which were not considered could be identified and then the best 
cycle was chosen from the sequence of contractions. 
The film was then run in slow motion and stopped at the end 
diastolic phase. The outline of the ventricle with adjacent 
atrial border and the outline of the catheter were traced onto 
a sheet of card fixed to the screen for that purpose. Each 
sheet was made so that the diameters could be measured more 
accurately, The sheets were taken away from the projector 
and placed on a flat horizontal surface, 
The long axis of the left ventricle was measured from the apex 
to the centre of the mitral valve, The mitral valve is quite 
easily distinguished by the flow of contrast media in and out 
of the rendered opaque left ventricle. The short axis was 
measured as the maximum diameter occurring perpendicular to the 
long axis (Fig. 7). 
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The left ventricle is a complex geometric form that can be most 
simply represented as a prolate ellipsoid (Dodge, Sa~dler, Ball~, 
and Lord, 1960). 
In the normal left ventricle the long axis is approximately twice 
the short axis at the end diastole. In dilated hearts the ratio 
of the long axis to the short axis may be reduced to 1.5 or less. 
This is because left ventricular dilation or enlargement occurs 
primarily along the minor axis of the chamber so that the ventricle 
becomes more spherical with increasing size. 
Correction for distortion due to magnification was determined by 
comparing the outer diameter of the catheter with its diameter as 
it appeared on the screen. 
In order to calculate the left ventricular diastolic areas a metric 
"OTT" planimeter was used. The reading of the planimeter after 
measuring the left ventricular area on the sheet of card was divided 
by the reading after measuring a square centimetre and gave the 
apparent ventricular diastolic area in square centimetres. This 
measurement was also corrected for magnification (surface 
magnification is the square of the linear magnification). 
The area of the left ventricle during diastole as derived from the 
echocardiographic measurements was also worked out, on the assump 
that the left ventricle is approximated by an ellipsoid (Fig. 8 ). 
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Fig. 7 (a) Diagrammatic representation of cinemeasurement technique. 
(b) Outline of a lef~ ventriculogram in right anterior oblique (RAO) 
projection at end-systole and end-diastole. 
Area of Ellipsoid 
If L = 2xD 
Fig. 8: The shape of the left ventricle is assumed to be an ellipsoid whose 
long axis is twice the short axis. The ultrasonic beam crosses the 
short axis. 
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In the third part of the study the Consultants' reports on the 
echocardiograms of 25 patients were compared with the reports 
on the angiograms. The cases were randomly taken from the sample 
investigated in the second part. 
A final test examined inter-observer agreement between two 
Consultant Radiologists estimating left atrial and ventricular 
dimensions and cardiac depth from the cardiac series and echo-
cardiograms of ten patients randomly taken out of the sample 
investigated in the second part. 
-----------------------------------------------------------------------------------------
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RESULTS 
Table 1 summarises the information obtained from the radiographic 
and echocardiographic examinations of 53 random selected male 
and female patients. The CD measurement has been corrected for 
x-ray magnification. The coefficients of correlation obtained 
from Linear Regression Analysis of the radiographic and echo-
cardiographic data are demonstrated in Table 2. 
Figures 9, 10 and 11 show the regression lines for the measures 
of CD, LA and LV for male, female and total groups. 
Table 3 gives the information obtained from the radiographic, 
echocardiographic and angiographic examinations of 58 male and 
female patients with diverse heart disease diagnosed angiographically. 
The radiographic and angiographic measurements have been corrected 
for x-ray magnification. The coefficients of correlation obtained 
from Linear Regression Analysis of the radiographic, echocardiographic 
and angiographic data appear as Table 4. 
Table 5 gives the coefficients of correlation obtained from 
Linear Regression Analysis of the radiographic, echocardiographic 
and angiographic data for 32 male and femalepatients with left 
ventricular volume (LVV) overload taken from the sample of the 
patients of Table 3. 
----
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Table 1: Radiographic and Echocardiogra2hic Data 
Radiographic Data Echocardiographic Measurements 
Case CD LA LV CD LADd LVDd 
No, Sex (cm) (grade) (grade} (cm) (cm) (cm) 
1 I!' 10.0 2 3 8$) 2,3 5,3 
2 M 10.0 2 3 11,0 35 8,2 
" . 
3 I!' 7.8 2 2 7~ 31! 7,5 
4 I!'. 10,8 2 2 10,0 5,0 6,2 
5 M 9,9 2 3 11,0 4? 7,2 
6 I!' 10,5 2 3 8,5 4,0 5,0 
7 I!' 9,6 3 2 8,2 5,7 7,0 
8 M 10,9 2 1 9,0 41> 6p 
9 I!' lOl 2 2 9.0 5,8 ' 5,8 
10 M 9~ 2 2 9,5 4P 4?-
11 M 11..7 2 2 12,0 2,8 6p 
12 M 12,5 2 1 12,0 4P 6,4 
13 M 12,2 2 3 12,0 3,8 6,2 
14 M 9.5 1 0 9.5 2,7 6P 
15 F 9,9 1 2 11,0 3P 4,8 
16 I!' 8.3 0 0 11,0 4P 6,2 
17 M 8,5 0 0 9,0 2,1 43 
18 I!' 10,4 1 2 12,0 3,2 6,0 
19 I!' 9.6 1 2 9,0 2,5 4,0 
20 M 10.4 0 0 9.5 3,3 5,2 
21 M 9,9 1 4 80 3,8 60 
22 M 10,(1 0 3 8,0 4,2 6p 
23 M 10.9 1 2 9.0 4,0 8,0 
24 M 10.3 2 3 9,0 3P 5,2 
25 M 9,5 3 0 9,0 3,5 5,5 
26 M 10,8 0 0 12p 3,4 6p 
27 M 10.8 2 2 10,0 4.0 6,5 
28 I!' 9~ 2 2 10.5 4,0 6,0 
29 I!' 9.9 1 1 9.5 2,8 5,1 
30 M 9,9 0 0 10,0 27 5,6 
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Table 1: (continued) 
Radiographic Data Echocardiographic Measurements 
Case CD LA LV CD LADd LVDd 
No. Sex (cm) (grade) (grade) (cm) (cm) (cm) 
31 F 6,8 0 0 7.5 27 25 
• • 
32 M 9.1 0 0 75 
• 
39 3.5 
33 F 10,5 1 2 up 3,? 45 
• 
34 M 13,5 2 3 12p 62 7,0 
• 
35 F 9.6 2 0 s.o 30 38 
• • 
36 M 9,0 1 2 85 25 60 
. . . 
37 M 12,5 0 0 11,0 43 72 
• • 
38 M 12,6 2 2 11,0 35 7,0 
• 
39 M 11.0 0 1 125 39 60 
40 F lql 1 3 lOp 25 5,2 
• 
41 M 12.2 2 1 lOp 3,5 5.2 
42 M 10.4 2 2 9.0 2,2 58 
. 
43 M 9.9 0 0 9.5 25 ~5 
• 
44 F 8,6 2 0 9.5 25 35 
. . 
45 M 9,9 1 0 lq2 s.o 58 
• 
46 F 10.0 0 0 9.0 3.9 4.0 
47 F 12.2 2 3 12;0 5.2 1,0 
48 F 8,7 2 1 10.0 4.0 57 
• 
49 M 10,8 2 1 9p 3,3 45 
50 M 9.1 1 1 8.2 1,0 42 
• 
51 F 9.5 0 0 u.o 39 38 . 
52 M 9,1 1 2 11,0 2.0 6.5 
53 M lq4 2 2 ~2 30 30 
. • 
\ 
Mean 10.2 1,3 1,5 9.8 3,5 5,6 
Standard 1.3 0.9 1.2 1.4 11 Deviation 12 • • 
Table 2: Analysis of Radiographic and Echocardiographic Data 
Correlation Coefficients between two Techniques 
X-Ray, CD Vs Echo CD, cm 
(Fig. 9) 
X-Ray LA, grade Vs Echo LADd, cm 
(Fig. 10) 
X-Ray LV, grade Vs Echo LVDd, cm 
(Fig, 11) 
32 Male 21 Female 
r = 0.54 P<O,Ol r = 0,55 p<O.Ol 
r = 0,47 p<O.Ol r = 0,16 ns 
r = 0,39 p<0.05 r = 0.40 ns 
Total Group 
r = 0,55 p< 0.01 
r = 0.34 P< 0,05 
r = 0,41 P< 0,01 
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Table 3: Radio~raehic, Echocardiogreehic and An~iogra2hic Data 
Radiographic Data Echocardiographic Angiographic 
Measurements Measurements 
Case CD LA LA LV CD LADd LVDd LV area LVDd LV area 
No. Sex Diagnosis cm grade cm grade cm cm cm cm2 cm cm2 
1 F ASD 9.95 0 6.42 0 8.50 2.00 3.70 20.91 5.30 31.94 
2 M ASD 9.46 0 8.66 0 10.00 3.00 4.00 25.12 5.73 29.87 
3 F MS 10.00 0 9.72 0 9.00 3.90 4.00 25.12 5.10 31.86 
4 F ASD 9.13 1 6.50 1 8.00 2.80 4.50 31.08 5.53 26.41 
5 F ASD 9.95 0 9.12 0 8.00 3.00 4.60 33.22 4.79 30.65 
6 M ASD 10.85 2 9.23 2 7.50 3.00 3.90 23.26 4.30 38.99 
7 F ASD 9.50 0 9.29 0 11.00 3.00 3.80 22.61 4.47 26.83 
8 M AR,MR 10.00 2 9.20 1 9.00 4.60 6.00 56.52 6.70 58.06 
9 M AS, AR 14.00 2 10.00 2 9.00 5.00 7.00 8.31 
10 M Normal 9.00 1 8.00 0 7 .oo 3.00 6.20 5.00 
11 M MS, MR 10.00 2 6.00 2 9.00 3.50 5.50 7.86 
12 M AV disease 10.00 2 7 .oo 2 8.50 3.50 6.00 5.13 
13 M Cong. heart fail. 10.00 2 8.00 2 8.00 2.50 6.50 7.33 
14 M MS, MR u.oo 3 13.00 3 10.50 8.50 7.50 9.60 
15 M HOCM 11.00 0 9.00 2 9.00 3.50 6.50 7.78 
16 M AS 11.00 0 8.00 0 8.20 3.20 6.20 4.50 
17 F MS, HOCM 10.00 2 8.00 1 7.50 3.50 6.50 5.20 
18 M AS,AR 6.00 0 9.00 0 5.50 2.00 4.60 4.90 
19 M AS,AR 9.00 1 7.00 1 9.00 2.00 7.50 6.38 
w 
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Table 3: (continued) 
Radiographic Data Echocardiographic Angiographic 
Measurements Measurements 
Case CD LA LA LV CD LADd LVDd LV area LVDd LV area 
No. Sex Diagnosis cm grade cm grade cm cm cm cm2 cm cm2 
20 F MS, MR 9.00 2 9.00 1 7.50 5.00 5.30 6.00 
21 F MS, AR 9.00 2 6.00 0 6.20 5.50 5.20 6.37 
22 M MS, MR, AR 9.00 2 8.oo 2 9.20 6.00 7.00 7.45 
23 M MS, AR 10.00 1 7 .oo 0 8.20 3.00 4.80 6.30 
24 F MS, MR 15.00 2 8.00 2 9.20 6.00 7.00 6.47 
25 M HOCM 9.00 0 7.00 0 5.30 2.80 3.30 4.48 
26 M ASD 12.45 0 10.00 2 7.00 2.50 4.00 4.95 
27 M AR 8.96 0 9.69 1 11.00 2.70 6.00 56.52 8.10 65.10 
28 M MR,AR 12.60 2 10.00 2 11.00 3.50 7.00 76.93 6.78 67.22 
29 F MR 8.30 0 10.18 0 11.00 4.00 6.20 60.35 6.20 57.00 
30 M AR,MR 10.80 0 11.37 3 8.00 4.20 6.80 75.59 7.10 61.41 
31 F MR, AR 10.10 2 9.25 2 9.00 5.80 5.80 52.81 5.44 46.46 
32 F AR 10.85 2 3.23 3 7.50 5.20 7.00 76.93 5.50 47 .49. 
33 F AR 10.85 3 11.01 2 10.00 5.50 6.50 65.31 6.48 65.92 
34 F AR 8.70 2 8.84 1 10.00 4.00 5.70 50.11 5.00 39.26 
35 M AR 8.62 0 9.18 2 10.00 3.50 5.80 52.81 6.13 50.59 
36 F AR 8.68 0 6.92 0 6.50 2.00 4.40 30.39 5.12 27.60 
37 F AR,MR 9.60 2 8.80 0 8.00 3.00 3.80 22.67 5.05 26.64 
38 F AR,MR 11.89 2 7.46 4 9.00 6.00 6.60 6.82 
..,. 
0 

Table 4: Analysis of Radiographic, Echocardiographic and Angiographic Data. 
Correlation Coefficients between the techniques. Patients with diverse diseases. 
X-ray CD, cm Vs Echo CD, cm 
(Fig. 12) 
X-ray LA, grade Vs Echo LADd, cm 
(Fig. 13) 
X-ray LA, cm Vs Echo LADd, cm 
(Fig. 14) 
X-ray LV grade Vs Angio LVDd, cm 
(Fig. 15) 
X-ray LV, grade Vs Echo LVDd, cm 
(Fig. 16) 
Angio LVDd, cm Vs Echo LVDd, cm 
(Fig. 17) 
34 Male 
r 2 0.37 P< 0.05 
r = 0.68 p< 0.01 
r ,. 0.64 P< 0.01 
r = 0.42 P< 0.05 
r = 0.58 P< 0.01 
r = 0.51 P< 0.01 
24 Female Total Group 
r = 0.10, ns r = 0.27 P<0.05 
r = 0.64 P< 0.01 r = 0.66 P< 0.01 
r = 0.28, ns r = 0.50 p<O.Ol 
r = 0.45 p<0.05 r = 0.44 p<O.Ol 
r = 0.33, ns r = 0.48 p<O.Ol 
r = 0.43 P< 0.05 r = 0.48 P< 0.01 
Table 5: Analysis of Radiographic, Echocardiographic and Angiographic Data. 
Correlation Coefficients between the techniques. Patients with LVV overload. 
X-ray CD, cm Vs Echo CD, cm 
X-ray LA, grade Vs Echo LADd, cm 
(rig. 18) 
X-ray LA, cm Vs Echo LADd, cm 
(Fig. 19) 
17 Male 
r ~ 0.37, ns 
r = 0.70 P<O.Ol 
r = 0.62 P<0.01 
X-ray LV, grade Vs Angio LVDd, cm r = 0.01, ns 
X-ray LV, grade Vs Echo LVDd, cm 
. (Fig. 20) 
Angio LVDd, cm Vs Echo LVDd, cm 
r = 0.66 P< 0.01 
r = 0.24, ns 
15 Female Total Group 
r = 0.01, ns r = 0.24, ns 
r = 0.50, ns r = 0.61 p<0.01 
r = 0.401 ns r = 0.52 P< 0.01 
r = 0.36, ns r = 0.25, ns 
r = 0.04 1 ns r = 0.33, ns 
r = 0.27, ns r = 0.27, ns 
In table 6 the correlation coefficients between the angiographic 
and echocardiographic left ventricular areas of 19 male and 
female patients taken from the sample of the patients of table 3 
are demonstrated, 
Table 6: LV areas from Angiography compared with Echocardiography 
Correlation Coefficients between two techniques 
7 Male 12 Female Total Group 
Angio LV area, cm2 Vs 
Echo LV area, cm2 
r=0,91 p(O.Ol r=0,87 p(O,Ol r=0,87 p(O,Ol 
(Fig, 21) 
Figures 12, 13, 14, 15, 16 and 17 show the regression lines for 
the measures of CD, LA, and LV for male, female and total groups 
of patients with diverse diseases, The LA grade and LA lateral 
dimension from the radiographs were plotted against the echo-
cardiographic LADd (fig, 13 and 14), The LV grade from the 
radiographs and the LVDd from the angiograms were plotted against 
the echocardiographic LVDd (fig. 16 and 17), 
Figures 18, 19 and 20 show the regression lines for the measures 
of LA and LV for male, female and total groups of patients with 
LVV overload, The LA grade and LA lateral dimension from the 
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Table 7: Radiographic and Echocardiographic Estimates by Two Observers on 10 cases 
. Radiographic Data Echocardiographic Measurements 
CD (cm) LA (grade) LV (grade} CD (cm) LA (cm) LV (cm) 
Case Observer Observer Observer Observer Observer Observer Observer Observer Observer Observer Observer Observer 
No. 1 2 1 2 1 2 1 2 1 2 1 2 
1 n.o n.5 0 0 1 0 8.0 9.5 2.4 3.3 4.5 5.2 
2 6.5 6.5 0 1 0 1 6.4 10.0 2.5 1.2 4.9 3.9 
3 9.0 13.0 1 2 2 2 9.5 12.0 3.0 2.8 6.0 6.0 
4 8.0 8.5 2 2 0 2 7.8 7.5 4.0 3.8 3.2 7.5 
5 12.0 14.0 2 2 2 1 n.o 12.0 4.0 4.0 6.2 6.4 
6 12.0 14.0 3 2 2 2 n.5 n.o 2.4 3.5 6.0 7.0 
7 12.0 n.o 1 2 2 3 13.0 n.o 3.5 3.5 3.2 8.2 
8 9.0 n.5 0 2 1 3 9.5 9.0 3.4 3.0 5.2 5.2 
9 n.o 10.5 1 2 0 2 10.0 9.5 4.0 4.0 5.5 4.0 
10 8.0 10.5 1 1 0 0 8.0 9.5 2.8 2.7 5.6 6.0 
Mean 9.8 11.1 1.1 1.6 1.0 1.6 9.5 10.1 3.2 3.2 5.0 5.9 
Standard 2.0 2.3 0.1 0.7 0.9 1.1 19.9 14.1 6.7 8.3 1.1 1.4 Deviation 
----~-----
---------------------------- ~-~ 
radiographs were plotted against the echocardiographic LADd 
(Fig. 18 and 19), The LV grade from the radiographs was 
plotted against the echocardiographic LVDd, 
In figure 21 the regression lines for the LV areas for male, 
female and total groups are shown. 
The radiographic and echocardiographic estimates of CD, LA and 
LV by two observers on 10 cases appear as in Table 7. The 
correlation coefficients obtained from the analysis are 
demonstrated in Table 8. The echo LA and X-ray CD have produced 
significant relationships and figures 22 and 23 show the regres-
sion lines for the examined group of patients. 
Table 8: Correlation Coefficients between two observers on 
Echocardiographic and Radiographic Estimates 
Echo CD 
Echo LA 
Echo LV 
X-ray CD 
X-ray LA 
x-ray LV 
r • 0,55 ns 
r • 0.63 p(0.05 (Fig. 22) 
r a -o.41 
r a 0,74 p(0,02 (Fig, 23) 
r a 0.54 ns 
r a 0.33 ns 
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Finally the agreement between angiocardiography and echo-
cardiography was examined comparing the diagnosis from the 
reports on the investigations by the two techniques on 25 
patients. In tables 9 and 10 the conclusions from the 
echocardiographic and angiographic reports are demonstrated. 
The echocardiographic examinations of 5 out of 13 patients 
with ASD proved angiographically failed to show the correct 
diagnosis (one wasn't reported, two were 'normal', in one 
'the appearances were not specific' and in one the diagnosis 
as 'ruptured chordae tendinae with severe MR'). Between 8 
patients with AR one echocardiogram wasn't reported and one 
showed the conclusion 'aortic valve normal'. Between 3 cases 
with MR echocardiography gave the correct answer in one and 
failed in the other two, which were reported as 'moderate Lt 
Rt shunt' and 'severe mitral stenosis', whereas one case of 
MR and AR-was diagnosed as MS. 
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• 
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Table 9: The diagnosis from echocardiographic and angiographic 
• 
Case 
No. 
1 
examinations on 12 patients 
Echo Diagnosis 
Normal MV. Large LV cavity consistent with AR. 
2 The mitrai valve is normal. The aortic valve 
appears to be thickened. 
3 
4 
5 
(wasn't reported) 
Aortic valve normal. Mitral valve very mobile with 
possible systolic prolapse. A repeat is indicated. 
The appearances are those of moderate AR. 
6 Mobile aortic valve. Aortic regurgitation. Normal 
mitral valve. 
7 Aortic valve disease. No mitral disease. 
8 The appearances show aortic valve incompetence. 
The mitral valve is normal. 
9 There is moderate mitral stenosis and there is also 
some disorganisation of the aortic valve with 
enlargement of the left ventricle. 
10 The appearances are entirely in keeping with 
severe ~. 
Angio Diagnosis 
AR 
AR 
AR 
AR 
AR 
AR 
AR 
AR 
~.AR 
~ 
11 Moderate Lt- Rt shunt. ~ 
12 Severe mitral stenosis. There is marked left 
sided chamber enlargement. ~ 
TablelO: The conclusions from the echocardiographic reports 
of 13 patients with angiographically diagnosed ASD 
Case No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Echo Diagnosis 
No abnormality is shown. 
ASD 
ASD 
Overloaded RV 
ASD 
(No conclusion) 
The right ventricle is large but the interventricular 
septum moves normally throughout. 
Large RV. Paradoxical movement of the septum. 
·Abnormal movement of the mitral valve, with poor 
excursion. 
Paradoxical movement of septum. RV overload. 
The appearances are not specific. The septum is 
not well demonstrated. 
The appearances suggest ruptured cordae tendinae 
with severe mitral regurgitation. 
The echocardiogram appears to be normal. 
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DISCUSSION 
The main aim of this research is to investigate the degree of 
agreement between radiographic and echocardiographic techniques 
in measuring selected cardiac parameters, 
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The most important difference between this particular investigation 
and previous investigations is that everyday clinical data from the 
records of patients attending a cardiac clinic were used, instead 
of performing the examined techniques on a chosen sample of 
subjects. 
As in the introduction to this thesis the findings are discussed 
in separate sections, The first section compares radiography 
with echocardiography, the second section radiography with 
angiocardiography, the third section angiocardiography with 
echocardiography and the fourth section attempts to explain the 
research findings in terms of the methods used in hospitals to 
obtain and interpret the results from the cardiac techniques, 
1, Agreement between Radiography and Echocardiography 
Cardiac depth: The analysis shows a significant correlation 
between radiographic and echocardiographic estimates of CD on a 
random selection of 53 patients, The correlation coefficient 
obtained was r ~ 0.55 significant at the 1% level. For the same 
parameter in 58 patients with diverse heart disease diagnosed 
angiographically, a lower correlation was found although significant 
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. 
at the 5% level, The correlation coefficient was r = 0,27. 
Finally for this parameter a non-significant correlation between 
radiography and echcardiography was obtained for 32 patients 
with LVV overload, As yet, a similar study has not yet been 
done. Cardiac depth does not give information about the chambers' 
individual size; it gives one single dimension of the heart as a 
whole, From the radiographs measurements were taken between the 
two shadows representing the borders of the heart wall although it 
wasn't possible to ensure the heart chambers were included. 
Whereas on the echocardiograms the heart chambers were clearly 
seen and the measurements regarded as reliable, Incons is tent 
results were found in this study as far as the above mentioned 
parameter is concerned, Either the measurements taken by the 
two techniques were not identical or unreliability exists within 
the techniques, 
Left atrium: The radiographic estimates were plotted against the 
echocardiographic measurements. In all cases the correlation was 
significant for the total groups. The correlation coefficients 
were: for 53 random selected cases r = 0,34, significant at the 
5% level, for 58 patients with diverse heart disease diagnosed 
angiographically, r = 0.66, significant at the 5% level and for 
32 patients with LVV overload r = 0.61, significant at the 1% level. 
The radiographic measurements of the left atrium, in centimetres, 
showed a significant correlation when compared with the echo-
cardiographic LADd. The correlation coefficients were: for 58 
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cases with diverse diseases r = 0,50, significant at the 1% 
level and for 32 patients with LVV overload r = 0,52, significant 
at the 1% level. It is believed that the left atrium tends to 
enlarge in all directions and one dimension reflects any change 
in volume. Castellanos and Hernandez (1967) have shown that 
for comparative clinical studies of left atrial volume, left 
atrial angiograms taken only in one plane are as good as biplane 
examinations. The fact that the measurements of LA taken from 
posteroanterior chest radiographs in this study correlated well 
with the anteroposterior echocardiographic dimension is in 
agreement with the hypothesis that the left atrium enlarges in 
all directions at least to some extent. A major advantage of 
echocardiographic technique over routine chest radiography in 
estimating the size of the left atrium is that a true internal 
left atrial dimension is obtained, With plain chest radiographs 
it is rarely possible to obtain a true left atrial dimension, 
since the anterior wall of the left atrium, the atrioventricular 
wall and usually at least one or both of the lateral walls are 
within the radiographic cardiac silhouette. Cooperberg et al. 
(1976) correlated plain chest radiography and echocardiography 
in evaluation of left atrial size. Although they found a good 
correlation (r = 0,72) between the two methods they mentioned 
that known mitral valve disease and left atrial enlargement seen 
on echocardiography were not detected radiographically and there-
fore echocardiography is more sensitive than plain chest 
radiography. 
In this study lower correlations were found and it was observed 
that female data consistently produced'low order correlations. 
Left ventricle: The analysis ' shows a significant correlation 
between the radiographic estimates of the LV in grades and the 
echocardiographic LVDd on 53 random selected patients, r = 0.41, 
significant at the 5% level. On 58 patients with diverse heart 
disease diagnosed angiographically the correlation coefficient 
was r = 0.48, significant at the 1% level. Finally 32 cases with 
left ventricular volume overload have given a lower correlation of 
r • 0.33, which is non-significant, although the male patients of 
this group have shown a significant correlation of ~ • 0.66. The 
non-significant correlation of the female data contributed to the 
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very low correlation of the total group. Cooperberg et al. (1976) 
attempted to analyse the discrepancies between plain radiography 
tr.~d eingle-diameter echocardiography and their results have shown 
that lateral enlargement of the left ventricle may be seen on the 
postero-anterior chest radiograph but not be detected by echo-
cardiography, since the single-dimension technique does not 
reflect lateral or inferior enlargement, which is readily visible 
on the radiograph. The above investigators have found for the LV 
a correlationnotas good as in the case of the LA (r • 0.53) but 
it is again higher than those found in the present' study. 
2. Agreement between Radiography and Angiocardiography 
The chamber on which the two techniques were compared was the 
left ventricle. A low correlation was found between the radio-
graphic estimates of the LV in grades and the short angiographic 
LVDd f:om the RAO projections. The correlation coefficient for 
58 patients with diverse heart disease was r = 0.44, significant 
at the 1% level, whereas for 32 patients with LVV overload was 
r = 0.25, which is non-significant. Angiography is generally 
accepted to be the most accurate; however the present disagreement 
may be attributed to the fact that single dimension angiographic 
measurements were compared to the radiographic estimates of the 
LV grades. 
3. Agreement between Angiocardiography and Echocardiography 
The two techniques have been compared in many studies and a good 
agreement between both has been demonstrated when left ventricular 
dimensions and volumes were examined (Murray et al., 1972, 
Feigenbaum et al., 1972). In this study the end-diastolic left 
ventricular dimensions measured by angiocardiography and echo-
cardiograp?y were compared. The correlation coefficients between 
Echo LVDd's and short-axis LVDd 1 s from the single plane cineangio-
graphic films obtained in the right anterior oblique projection 
were surprisingly low: for 58 patients with diverse diseases 
r = 0.48, significant at the 1% level and for 32 cases with LVV 
overload r = 0.27, which is non-significant. A better correlation 
than this was expected. Murray et al. (1972) comparing Echo LVDd 
and Angio LVDd in the anteroposterior and lateral planes on 21 
patients produced good correlations of r = 0.87 and r = 0.69 
respectively. Feigenbaum et al. (1972) comparing Echo LVDd's 
with biplane angiographic LVV determinations on 42 patients 
produced a significant correlation of r = 0.79. They squared 
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the LVDd measurement which increased the r value to 0.86 and 
by cubing the echocardiographic measurements they produced an 
r value of 0.89. In this study a left ventricular short-axis 
diastolic dimension derived by ultrasound and a short axis 
diastolic dimension determined by single-plane angiocardiography 
showed only a weak relationship. However it could not be 
66 
guaranteed that the dimensions compared were identical. The 
studies of Greene et al. (1967) and Sandler and Dodge (1968) showed 
that there was no significant difference between left ventricular 
volume as calculated from single plane cineangiograms and biplane 
left ventricular data obtained from the same patient. The 
angiographic technique has been established as accurate and it is 
for this reason used as a reference. In judging the accuracy of 
the ultrasound technique it should be remembered that parameters 
which rely on absolute measurements can easily have errors of 
up to 100% when derived from ultrasonic time position scan data 
(Evans, McDicken and Robertson, 1976). It has been shown that 
the greatest accuracy can be achieved for values which depend on 
function rather than shape, such as ejection fractions, where 
errors affect the numerator and denominator in a similar manner 
and, therefore, have less effect on the absolute value. 
Additionally in this study the techniques compared were not 
performed simultaneously, in contrast to all other reported 
studies, and the fact that all the examinations were not made 
with this research in mind may account, in part, for the 
unsatisfactory relationships. However, the two techniques were 
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highly correlated when compared by measuring the left 
ventricular area. The correlation coefficient between the 
Angio LV area and the Echo LV area was r = 0,87, significant 
at the 1% level. The Angio LV area was measured by planimetry 
from single plane LV angiograms and the Echo LV area was 
calculated from the echocardiographic measurements with the 
assumption that LV can be represented by an ellipsoid reference 
model (see figure 8 , page 30 ). This finding supports the 
acceptance of Echocardiography as an accurate technique. Once 
more the female data produced a lower, although significant, 
correlation when compared to the male patients, This observation 
is particularly interesting to this study, because when taking the 
radiographs and cineangiograms the technique does not differ for 
men and women, differences are only apparent in the echocardio-
graphic examination. 
The echocardiographic 'window' is considered to be from the 2nd 
to the 6th intercostal space. In most men of average build, 
the best traces are produced with the transducer in the 4th 
intercostal space, but in women the size and shape of the breast 
tissue changes the transducer position. Popp, Filly, Brown and 
Harisson (1975) have measured left ventricular internal diameters 
from traces recorded with the transducer positioned along the left 
sternal border in the 2nd, 3rd, 4th, 5th and 6th 
intercostal spaces in each of 14 subjects; their sex wasn't 
reported. Their study showed that it was possible to direct 
the beam to a portion of the left ventricular wall from various 
positions on the chest wall while still recording an acceptable 
echocardiogram, It could be seen from their results a definite 
difference between the left ventricular dimensions measured from 
different intercostal spaces as well as a definite difference in 
the amplitude of change from end diastole to end systole. 
It was also reported that if reproducible measurements of this 
dimension and its change throughout the cardiac cycle were 
required, then the relation of the transducer to the heart must 
be the same in each patient. In a more recent study by Walker, 
Jones and Petter (1977) angiographic and echocardiographic 
ejection fractions produced good relationship for male data 
(r = 0.72) but non-significant for the females. 
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It should be recognised that in some patients the only interspace 
from which the ultrasonic data may be obtained is not the "standard 
interspace". In this situation it seems unreasonable to compare 
such non-standard dimensions with standard dimensions in other 
patients, but thos~may be useful for serial studiesin the same 
patient providing the intracardiac landmarks are observed to 
identify a consistent transducer position relative to the heart 
for each study, 
Finally the agreement between the diagnosis taken from the 
angiocardiographic and echocardiographic reports were examined 
on 25 patients. Echocardiography gave the same answer as 
angiography in 15 cases, disagreed in 8 cases and 2 cases were 
unreported. There was, therefore, discrepancies in 32% of 
random selected cases. 
Discrepancies were also discovered between radiography and echo-
cardiography when two Cardiac Specialists measured identical 
cardiac parameters. The Wilcoxon matched-pairs Signed-ranks 
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"T" test showed significant differences (p(0.05 and<0.02} for 
radiographic and Echocardiographic estimates of the CD, respec-
tively. The Specialists both over-estimated and under-estimated 
the cardiac parameters. The subjective method of estimating 
cardiac parameters in grades has produced nonsignificant rela-
tionships. However, when they are evaluated from absolute 
measurements they are well correlated. The X-ray CD produced the 
correlation of r = 0.74, significant at the 2% level. The conclu-
sions drawn from the echocardiograms are based on absolute measure-
ments. However it has been realised that there are interpretative 
errors with the technique especially in the detection of the 
endocardium (Roelandt et al., 1974). The echo LA measured by two 
observers has shown a good relationship of r = 0.63 significant at 
the 5% level. It must be stressed that the techniques throughout 
the present study were performed by different investigators who 
varied in training and experience and this is particularly impor-
tant for echocardiography where the lack of standardisation of the 
tecbnique remains one of the main drawbacks. However this is the 
reality of everyday clinical practice. 
CONCLUSIONS 
The data in this research have been taken from retrospective 
clinical studies, Throughout this research the radiographic and 
echocardiographic techniques do not agree when applied in everyday 
clinical practice, whereas in prospective studies better agreement 
has been shown by other workers, The problem of establishing a 
method for measuring heart size so that the presence or absence of 
cardiac chamber enlargement has yet to be solved, It is further 
complicated by the biological nature of the problem and the wide 
variation of normality, However, the findings of this study 
indicate that a more accurate assessment of cardiac chamber size 
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can be obtained by a combination of radiographic and echocardiographic 
techniques, in preference to one in isolation. 
An attempt for standardization of the echocardiographic technique 
is desirable but has been shown to be difficult with existing 
equipment. However present day developments in instrumentation 
may soon alleviate this problem, Further, it has been shown that 
errors can be introduced by the inconsistent placement of the 
transducer on the chest wall of both male and female patients, 
Errors also arise during the production of the recording and 
observer errors occur during different interpretations of echo-
cardiograms and radiographs by the medical specialists, 
' - BIBLIOGRAPHY 
CASTELLANOS, A. and HERNANDEZ, F. (1967) Angiocardiographic 
determination of size of left atrium in congenital heart 
disease. Acta radiol., 6, 432. 
CATE, F.J., KLOSTER, F.E., Van DORP, W.G., MEESTER, G.T., 
ROELANDT, J, (1974) Dimensionsandvolumes of left atrium and 
ventricle determined by single beam echocardiography. ~ 
Heart J., 36, 737. 
CHANG, S, (1976) 'M-Mode echocardiographic techniques and pattern 
recognition'. Philadelphia: Lea and Febiger. 
COOLEY, R.N. and SCHREIBER, M.H. (1967) 'Radiology of the heart and 
71 
great vessels', 2nd ed. Baltimore: The Williams and Wilkins Company. 
COOPERBERG, P.L., CHAHLAUOI, J., KHAN, N., O'DONOVAN, M, and 
WINSBERG, F. (1976) Estimation of cardiac chamber size by routine 
chest radiography and echocardiography. Radiology, 119, 193. 
DODGE, T.H., SANDLER, H., BALLEW, D. and LORD, J.D. Jr, (1960) The 
use of biplane angiocardiography for the measurement of left 
ventricular volume in man. Am. Heart J., 60, 762. 
EVANS, D.H., McDICKEN, W,N. and ROBERTSON, D.A,R, (1976) The accuracy 
of cardiac function indices d2rived from ultrasonic time-position 
scans. Cardiov, Res., 10, 65. 
FEIGENBAUM, H. (1972) Clinical applications of echocardiography. 
Prog. Cardiov, Dis., 14, 531. 
' -
FEIGENBAUM, H,, POPP, R,L,, WOLFE, S,B,, TROY, B,L,, POMBO, J,F,, 
HAINE, C,L, and DODGE, H.T, (1972) Ultrasound measurements of 
the left ventricle, A correlative study with angiocardiography, 
Arch. Intern. Med,, 129, 461, 
FEIGENBAUM, H. (1972) 'Echocardiography', Philadelphia: Lea and 
Febiger. 
FORTUIN, N,J,, HOOD, W,P, and GRAIGE, E, (1972) Evaluation of left 
ventricular function by echocardiography, Circulation, 46, 26, 
GOLDBERG, S,J,, ALLEN, H,D, and SAHN, D,J, (1975) 'Pediatric and 
adolescent echocardiography', Chicago: Year book medical 
publishers, Inc. 
GRAMIAK, R, and WAAG, R.C. (1975) 'Cardiac ultrasound', Saint Louis: 
The C,V, Mosby Company, 
GREENE, D,G,, CARLISLE, R., GRANT, C, and BUNNELL, I,L, (1967) 
Estimation of left ventricular volume by one-plane cineangiography. 
Circulation, 35," 61. 
HIRATA, T., WOLFE, S,B,, POPP, R,L,, HELMAN, C,H, and FEIGENBAUM, H. 
(1969) Estimation of left atrial size using ultrasound, 
Am. Heart J,, 1, 43, 
72 
' I 
. -
HODGES, P.C. and EYSTER, J.A.E. (1924) Estimation of cardiac area 
in man. Am. J. Roentgenol. Radium Therapy Nucl. Med., 12. 252. 
73 
JONES, P.R.M. and TAYLOR, s.w. (1972) The evaluation and inherent 
errors in the measurement of cardiac volume by roentgenogrammetry. 
Proceedings of the ACSPFT and the ICSPFT, 163. 
JOYNER, C.R. (1975) Echocardiography. Am. Heart J., 90, 413. 
LUSTED, L.B. and KEATS, T.E. (1967) 'Atlas of roentgenographic 
measurement'. 2nd ed. Chicago: Year book medical publishers, Inc. 
MURRAY, J.A., JOHNSTON, W. and REID, J.M. (1972) Echocardiographic 
determination of left ventricular dimensions, volumes and 
performance. Am. J. Cardiol., 30, 252. 
POMBO, J.F., TROY, B.L. and RUSSEL, R.O. Jr. (1971) Left ventricular 
volumes and ejection fraction by echocardiography. Circulation, 
43, 480. 
POPP, R.L., WOLFE, S.B., HIRATA, T. and FEIGENBAUM, H. (1969) 
Estimation of right and left ventricular size by ultrasound. 
A study of echoes from the interventricular septum. Am. J. 
Cardiol., 24, 523. 
ROELANDT, J,, KLOSTER, F,E, ten GATE, F.J., van DORP, W,G,, 
HONKOOP, J,, BOM, N. and HUGENHOLTZ, P.G, (1974) 
Multidimensional echocardiography, 
usefulness. Br. Heart J,, 36, 29, 
An appraisal of the clinical 
ROELANDT, J., van DORP, W.G, and van ZELLER, P, (1975) Echocardiology, 
Schwetz. med, Wschr., 105, 1407. 
SANDLER, H. and DODGE, H.T. (1968) The use of single plane angio-
cardiograms for the calculation of left ventricular volume in man. 
Am. Heart J., 75, 325. 
UNGERLEIDER, H.E. and CLARK, C.P. (1939) Study of transverse diameter 
of heart silhouette with prediction table based on teleovoent-
genogram, Am, Heart J,, 17, 92. 
VENABLES, A.W. and HILLER, H. G, (1963) Complications of cardiac 
investigation. Br. Heart J,, 25, 334. 
WALKER, J.K., JONES, P,R.M, and PETTER, G,M, (1977) In Preparation, 
WELLS, P.N.T. (1969) 'Physical principles of ultrasonic diagnosis'. 
New York: Academic Press, Inc. 
74 
75 
APPENDIX I 
THEORETICAL GEOMETRIC PRINCIPLES OF CORRECTION FOR X-RAY MAGNIFICATION. 
Object 
M = Magnification 
A Focus-film distance 
B = Focus - object distance 
Example: 
ab 
b = T b M=-A 
r Image 
a 
when using a focus film distance of 1.83m the corrected Cardiac 
Depth (CD) would be: 
Corrected CD = Apparent CD x(l.83m - ! Anteroposterior thorax width) 
1.83m 
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APPENDIX II 
ABBREVIATIONS USED FOR CARDIAC DISEASES 
AR 
AS 
ASD 
Cong. heart fail. 
HOCM 
MR 
MS 
Aortic Regurgitation 
Aortic Stenosis 
Atrial Septal Defect 
Congestive heart failure 
Hypertrophic Obstructive Cardiomyopathy 
Mitral Regurgitation 
Mitral Stenosis 

